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ABSTRACT

This report presents a method for focusing additional research on aging
phenomena that affects nuclear power plant components. Specifically, the
method ranks components using a risk aging sensitivity measure that
describes the change in risk due to changes in component failure rate.
Describing the aging phenomena and the resulting time- dependent component
-“failure rate changes is beyond the scope of this study.

The applications use average component unavailability equations cur-
rently employed in PRAs to calculate the risk aging sensitivity. A more
exact calculation is possible by using unavailability equations that
include the time-dependent characteristics of component failure rates;
however, these time-dependent characteristics are not well-known. The

- risk aging sensitivity measure presented here is, therefore, segregated

- ‘from these time-dependent effects and addresses only the time-

. “independent portion of aging phenomena. The results identify the
component types that show the most potential for risk change due to
aging phenomena. Future research on the time-dependent portion of aging
phenomena for these component types is needed to completely describe the
risk impact due to component aging.
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. assumptions are made about which components are most susceptible to aging pro
cesses, Other key limitations of this study are the 1imited number of plants 1%!%?

EXECUTIVE SUMMARY

This study utilizes existing probabilistic risk assessments (PRAs) to gain
insights about the relationships between aging of nuclear power plant compo-
nents and public risk.” A method is developed and applied for determining the
potential risk significance of ag1ng effects. This method is based on deter-
mining the sensitivity of risk to increases in component failure rates. The
partial derivative of the core melt frequency with respect to the failure rate
of a specific component is the risk aging sensitivity measure used. Those com-
ponents having the highest sensitivity have the potential for caus1ng the
greatest change in risk if their failure rates increase due to aging or service

wear. Mﬁf\ }mk&m,wam

The results of the analysis indicate the most risk significant components at a o ovwfuﬂ”&
plant depend on a number of factors including plant system design, testing, and' ﬁuw,wkd$
maintenance intervals and operating procedures. Based upon the three PRAs Y i
analyzed (Oconee, Calvert C1iffs and Grand Gulf) many of the potentially most y“»fd“
risk significant components are in the auxiliary feedwater system, the .reactor % Ac
protection system and the service water systems. ' Pumps, check valves, motor obqszb
operated valves, circuit breakers, and actuating circuits are the component Fiizéjiif

measure. Lot
The results of this study are intended to provide%%ﬁidance'for this se]ection

of components for further study in the aging program and as a guide toward o
prioritizing resources. The results presented are subject to several assump- Xﬁkﬁf’
tions and limitations. The risk aging sensitivity measure used does not o
describe the time- dependent behavior of the failure rate. In addition no eru#m

o

: types that have the most potential sk impact based on the aging sensitivyit
yp v m poten ri mp a@»{g g 3 Led y

%7

|
\

analyzed and limited scope of the PRAs performed for these plants. Only the
components which appeared in the PRAs were considered in-detail. Components
not analyzed in the PRAs or components assumed to have negligible failure rates
can be important to risk if their failure rates increase substantially. The
study suggests future research activities which would address many of these:
limitations.

The output from this study can be combined with other studies (data, analytical
or experimental) that identify the components that are most susceptiblie to
aging mechanisms. The combination of identification of risk significance and
aging susceptibility will provide a good basis for effectively focusing
resources.

vii



1. INTRODUCTION
The overall goals of the Nuclear Plant Aging Research (NPAR) Programs are:

e To identify electrical and mechanical component aging and service
wear effects likely to impair plant safety.

o To identify methods of inspection and surveillance of electrical and
mechanical components that will be effective in detecting significant
aging and service wear effects prior to loss of safety function so
that proper maintenance and timely repair or replacement can be
implemented.

e To identify and recommend acceptable maintenance practices which can
be undertaken to mitigate the effects of aging and to diminish the
rate and extent of degradation caused by aging and service wear.

The NPAR program is being performed by the NRC Office of Nuclear Regulatory
Research and its contractors. Several specific research activities have been ?
established to achieve the overall program goals. O}AU*

The objectives of this study concern only the first goal. Our objective is toowA
~identify components in nuclear power plants that adversely affect risk if aging
processes decrease component reliability or degrade performance characteris-
"tics. This objective does not include identifying specific aging processes or
describing aging effects on component failure rates.

The approach taken in this study uses the results of existing probabilistic
risk analyses (PRAs) to gain insights about the relationship between risk and
component aging or wear-out. PRAs performed to date do not explicitly model
risk as a function of time,'but calculate an average risk level. This report
- defines a risk importance measure that measures the sensitivity of risk to
.changes in a component failure rate. This measure is the partial derivative of
the core melt frequency with respect to the failure rate of a specific compo-
nent. Those components that have the highest sensitivity have the potential
__for causing the greatest change in. risk if their failure rates increase due to
‘aging or service wear. The development of the aging sensitivity measure is
described more fully in Section 2.0. Results of application of the aging
sensitivity measure to components in selected PRAs are presented in
Section 3.0,

‘The output from this study can be combined with other studies (data, analytical
or experimental) that'identify the components that are most susceptible to
aging mechanisms. The combination of identification of risk significance and
aging susceptibility will provide a good basis for effectively focusing
resources. Section 4.0 presents the conclusions and recommendations of this
study.

1-1



2. RISK IMPACT OF COMPONENT AGING

Th1s section deve]ops the aging sensit1vity measure from the risk
equations of a PRA. Some background information regarding PRAs 1s
briefly reviewed to put the study:in context. »The'second part of this.
section discusses' the potential-:impacts of component aging on risk. The
third: subsect1on presents the aging sens1t1v1ty measure..“ e N

" o A : 2 ~ . - - .
- S e T ~ s R

2. 1 R1sk Analysis 'f.r ..

2.1.1 Background ) \
PRAs are: performed 1n order to'assess the risk of nuc]ear power p1ants
and to identify the>key contributors to-that: risk. -A number of insights
developed from review of WASH-1400 (1) and other past PRAs are useful to
focus aging related research.

The Reactor Safety Study (WASH-1400) was the first comprehens1ve study
of the risk’due to theoperation of nuclear. power:plants:’*This study
shows that'the risk to:the public"from:normal operation and routine ~: = -
releases” is minimal.”{ The risk™is® dominated: by ‘low probability,:high
consequence:events-where Jarge-amounts’ of radioactivity aresreleased.. '
In order for large: amounts:of-radioactivity to béireleased;® substant1a1~
fractions of the reactor core must melt. From a risk s1gn1f1cance
viewpoint, the aging processes:of -concern’ are.those that could™
potentially:affect the 11ke11hood of .core melt or affect the systems
that- mit1gate the consequences Tof: ‘core: melt..r ) el

2.1. 2 0verv1ew of PRAs :n;-w T \sﬁ-ﬁ e

PRAs are a method to: mathematica]ly estimate the 11ke11hood and the
consequences -of - potent1a1 accidents at nuclear.power-plants. - In the -
process of -performing-a:PRA, ‘the potential accident!initiators: (LOCAs,, '
transients, loss-of-offsite>power, etc.) are’identified and:their - '
1ikelihood quantified. The safety systems and their support systems
that must function to safely shut down the reactor are:then-identified. .
for_each initiator. . The safety systems and their support systems are
modeled using-event:tree’and' ‘fault tree-methodology.:- ‘ The!safety-systems.
genera]ly considered in:a-PRA are the reactor: protection~system, main:i::
and-‘auxiliary:feedwater: systems, high:pressure:and low pressure" 1nJec-:
tion systems, residual heat removal systems, containment.sprays,.con->"'"
tainment coolers, and accumulators. . Support systems include electr1c
‘power, service water, and eng1neered safety feature actuat1on systems.
Operator actions are also included in the models.

~

The event tree and fault tree model solutions determine the combinatdons
of component failures that lead/to a’'core melt for eachof the initi-
ators. The combination of an accident initiator and the system failures



that result in core melt is referred to as an ‘accident sequence. The
combinations of individual component failures that cause the required
systems to fail 1s referred to as a cutset. o :

The. probab1]1ty of each 1nd1v1dua1 component belng unava1lab1e is
referred to as its-unavailability. The.probability of the cutset is the
prodict of the unavailability of the individual events.. The: frequency -
of an accident sequence can be approximated by the sum of all the
cutsets that result in failures of the same set of safety systems. The
overall plant risk is similarly approximated by the sum of the accident
sequences, or equivalently, the sum of all the accident cutsets.

In addition, a probabi]ity of containment failure can be assigned to
each accident sequence. " In-some PRAs, the consequences of accident
sequences are evaluated in terms of man rem, fatalities, or economic
impact. , .

2. 1 3 Scope of PRAs

The scope of PRAs vary great]y. Some consider . internal events- only;
others include’,seismic events,. floods and fires, . etc: The depth. of the
analyses-of. the systems and:sequence consequences.also varies consider-
ably.. The scope of the PRA,-as well as the level of detail considered,
limits the 1nformat1on that can be extracted from the ana]ys1s.

PRAs genera]ly concentrate on: f1nd1ng thewmost r1skﬂsignificant com-~- :
ponents. In many cases passive components such as the containment -
building, the reactor vessel, and storage tanks are considered to have.
negligible failure rates and .are omitted from the risk analyses. 1In

. most PRAs, wires and piping segments are considered:to have failure .
rates that are negligible when compared to the motors and valves with
which they are associated and are omitted from further analysis.

However, the risk. sign1f1cance of a particular wire or piping segment . .
can.be inferred:from the  PRA by determining the effect of failure of the.
Wwire or pipe.on-the component to which it is connected. ,

2.1.4 R1sk Equat1ons
In risk. analyses, r1sk ist expressed as a comb1natlon of - frequencies of
initiating events,.probabilities that safety systems are failed and -

consequences - of the sequence. The risk from a s1ngle accident sequenceA
cutset can be expressed: , :

Re = FoQy-C S (1)
where ' -

Re = risk associated with the cut set

-n
1}

1n1t1ator frequency

2-2



Qi = probability the components of the“cut set i.are:.
a11 fa11ed .
C= consequence of the cut set.. e s

In the above equations, the initiator could be a plant transient or a
loss-of-coolant accident (LOCA) and the probability the necessary safety
systems are unavailable may depend on.which_initiator has occurred. The
consequence term, C, is a measure of the expected conseguences of the .
sequence given a core melt. In this report we are limiting the analysis”
by considering core melt frequency as the measure of r1sk and w1ll drop
the C from the equation. ;

The plant risk, Rp is the ‘sum, of a]] the acc1dent sequences and 1s
therefore expressed _

NS

‘ 31]~'“ R A R
PR N Cut . IR
o sets v

B ST

2.1.5 Unavailability'Equations’

The term Q in Equat1on (1) is the’ probab111ty of a spec1f1c set of fT
components are failed and is expressed W

K o
Q = a3 (3)

|
’."J"‘l - .
where -
| qj = unavailability of component J.
K = number of components in cut set i

The unavailability term, qj, for each component is dependent on a number
‘of factors including the type of component, ‘the testing interval, the
failure rate, the time it takes to repair the component, the t1me period
in which the component undergoes scheduled maintenance, and the Tikeli-{-
hood of human error that affects the component. The types. of components:
considered in this study fall—into:two general- categories: . periodically
tested components-and continuously monitored components. The unava11-
ab111ty equations for each type are presented below. . :

2-3



2.1.5.1 Periodically Tested Components

The average unavailability of periodically tested components consists of

five terms, and the formula is expressed as the following:

where .
as = total aQérage unavailability of the periodically
tested component
aF = avefage unéVailability contribution from failure
occurrence during the test intervals
qT = average unavailability contribution from test period

of failure

£0
=
u

g = dp * Gp *ag +ay * ay

gr = average unavailability contribution from repair

average unavailability contribution from scheduled/

unscheduled maintenance

gy = average unavailability contribution from human error.

The average unavailability contributions given that the failure rates

are constant are presented below:

L
-
l

where

= ls T/2

QQ%’

As TR

.77, Ag= constant standby failure rate

T = intervaﬁ Betwéen tests

(4)

(5)

(6)

(7)

(8)

(9)



do = override unavailability (the robability that the component
is inoperable during the test

T = test duration time
TR = repair duration time 3
dyy = average maintenance dunation;timeﬁ
™ = ‘average interval between maintenance

C = human error probability.

Hence:
G- 4l g Fea Tpeqtec o (0

For some components, such as manually operated valves, the failure rate.
(As) is extreme]y sma]], and can be assumed neg11gib1e. The formu1a for’
these components becomes. ' : . .

can

It shou]d be. noted that the neg11g1b1e Ag is for. a spec1f1c failure
mode. " . : - . .

2.1.5.2 Continuously Monitored‘Components‘ '

The average unavailability of th1s class of components is the proportion
of time that .the ‘component is “inoperable in a re]at1ve1y long period of
time. “Again, with the assumption that the failure rate is constant the
formu]a for the average unava11ab111ty is g1ven be]ow.;”q,” ‘ .

-

9% ~1+AoT§ S
Approximately . . . : R Y S Lo
— e L 1)
LGy T ATp o '(‘*)
where - ' ‘

.'Qp = average unavailability of continuously
monitored components



Ao
TR

constant operating failure rate

repair duration time.

2.2 Aging Analysis

In order to evaluate the risk 51gn1f1cance of aging phenomena, it is
necessary to define what is meant by aging phenomena. For'our purposes,

_"aging phenomena”" are phenomena_that have_one. of . the fallowing two
“effects:

(1) Cause the failure rate of a component to increase as a func-
tion of time, or

(?) Cause a component that was designed to meet certain standards
to degrade such that it no longer fulfills its design
U requirements.

2.2.1 Effect of Increases in Failure Rate

The first ag1ng effect” cons1dered causes,the failure rate of a component
(or'a set of" components) to increase with time as the components age or
wear out. Figure 1 shows a sample plot of the failure'rate A as a
function of time for a typical component. This is the familiar
"bathtub" curve common to, many components. This curve has three
distinct regions: (1) the burn-in period, (2) the period of normal
operation (where the failure rate is essentially constant), and (3) the
wear-out per1od.?°Ag1ng phenomena occur-in.the wear-out per1od where._the
failure rate is increasing.' 'The root’cause<of this increasein. failure.
rate results from any of a number of ag1ng p a, fatigue or
corrosion, for example. The increase in the failure rate with. time can

have two effects on risk: ‘ o g
N ot ékebzﬁklsgzriﬁ/ 6047C;§é¥,
””ﬁ(l) The increase 'in failure rate increases the unavailab111ty oy

(decreases the re11ab111ty) of a component 1mportant to safety

(2) The increase' in failure rate of certain components could cause
an increase in initiator frequency. This effectively
increases the number of times safety systems must operate and
proportionally increases the risk.

An example of a component where:the unavailability increases with’time
is a: pump in.the low pressure-injection system of a PWR. Normally the
pump -is in the standby mode and is tested at regular intervals. If the
failure rate is increasing with time (as in the wear-out region of

Figure 1), the unavailability history may look like that of Figure 2.

In this example, the test interval remains constant but the fraction of - .
tests detecting failures is increasing as the component ages. The
unavailability of that component, and therefore the risk associated with



T—

—mcmeaa Burn-in ~---- > —-——---~ Maturity ———— —--- Wearout -----=

FIGURE.1. Example of a failure rate curve.
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that component, is 1ncreas1ng with time and may be substant1a11y h1gher fﬂ’((Jp
at the end of the per1od of 1nterest than at the beglnn1ng.- -

An examp]e of A component that could cause=r1sk to dincrease’ by caus1ng uﬂb
ithe initiator frequency to-increase is a steam ‘generatortube. “If the
failure rate of tubes is increasing, the 1ikelihood of a steam generator
tube rupture increases. Should this event occur, the necessary safety

-, -systems have to operate‘correctly to prevent core melt. Another example

of components that increase risk by 1ncreas1ng the frequency of initi-
ators is the reactor coolant system:(RCS) piping. Also, components.on
the secondary side of the plant, such as-the main feedwater pumps, -whose
failure rates increase with time have the effect of 1ncreas1ng the fre- )
quency of transient ‘initiators and thus:the risk. i -

2. 2 2 Effect of Degraded Character1st1cs
s odey e KRR

The other‘type of ‘aging phenomena that 1s of 1nterest are processes that
gradually degrade characteristics of the component. This could cause a
component. that is-designed to:meet: certain: design’ requirements- to."
degrade such that :it'no longer: fulfills its design requirements.
Examples of this type of component are,snubbers that lose their damping
capacity as the fluid leaks through the seals or. heat exchangers that
lose heat:transfer capacity as an oxidationilayer:is:formed on the™
tubes. - The reactor: vessel can also’be treated as this-type of component
since its pressure’ capacity decreases-as a function: of ‘fluence.- Deter-""
mining the-risk s1gn1f1cance of this degradatlon is more complex ‘than-""
for components described.in*the last section:since it"generally 1nvo1ves
combining a probabilistic load-distribution:with fragility curves and -
considering the impacts of the different failure modes. Current risk
analyses generally consider all. components to :perform as designed ‘under
conditions of load and to be operating in accordance with design speci-
fications. It will, therefore, be difficult to.use PRAs directly to
. .evaluate the risk s1gn1f1cance ‘of components of th1s type. However,

“bound1ng calculations can be performed ey

2.3 Aging Sensitivity Measure

In order to characterize:the.risk impact:oficomponentaging-and service™"
wear. effects, it.is.necessary to: characterwze«the t1me dependent»nature
of -the change:in-plant- r1sk‘ That 1s, a3 PRt ok

- et e N - S T e L

: : y iaela . et a1 * . wste St 3
N S aR» A T T N . . AR .(14)
'a—' FE SR S DI S . .. LR PO Bl
R N LS S N Tt Y TS S SIS P

Pobe it R s R T P U SRV
14'/ (R MR .','9'_' [ S : e bt

= rlsk 1mpact due to ag1ng

'
I

' p]ant risk. S évéztziifxif:'";:{{ T e

|l
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As defined in Section 2.1.4, plant risk is a function of component
unavailability,. qj, and- component unava11ab111ty is a function of
component failure rate, A. For the study of aging, the failure rate’ is
a function of time, t. Taking advantage of the chain rule, changes in
plant risk are expressed as ﬁ{ fﬁL\o Lodneh \auadddn o
. et OO ”“JL':§33515:K
aq A ~&ﬁx«o'?\kﬁtﬁ“ ove

R _R Ty (15)

3t "3 axj 3T Aol |

Thi nepait sy frsoe

The risk impact due to aging.can now be- seharated into-two distinct
parts,

(1) The effects of changes in compbhent fafiu}e'fate on risk (thé
first two terms of the right hand side of Equation 15)

(2) The t1me-dependént effects of ag1ng and service wear on the |
component failure rate (the third term of the right hand side
of Equation 15). .

This report COncentrates on the- first: part,- the: change ‘in risk- due: to
changes- in' component. failure.rate.” The second part, changes.in the
failure rate-due to aging- and service wear, is beyond the scope of this.
study and should be.investigated through data evaluations, experimental
studies, or additional analytical models. Section 4.0 describes how
these two parts combine to:describe risk 1mpact due to aging.

We .define the risk ag1ng sens1t1v1ty to failure rate as

I 9r; o 3y i

where the first term on. the right hand side of Equation 16 is the
partial derivative of risk with respect to component unavailability and
the second term is the partial derivative of the component unavailabil-
ity with respect to the component failure rate.

The first term, the partial derivative of risk with respect to component

unavaila 111ty, can be shown to be equivalent to the Birnbaum
measure.{2) This is a measure of the impact of a component failure on
risk and can be computed by changing the unavailability of the component
in the S;Sk equation to unity and determining the change in risk.

Vesely( et al have calculated values of the Birnbaum measure in recent
work. The second term, the partial derivative of component unavail-
ability with respect to component failure rate, is presented in Table 1.
The expressions in Table 1 are derived from the component unavailability
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Table 1. Rate of change of component unavailability with rgspect to faﬂuré rate:. - B}

2 i ‘Rate of Change of
", Component Unavailability
~~With Respect to:.Component
Component Type Average Unavailability - . .. Failure Rate- '

Periodically ‘ d ERE e
Tested ' qs = _}il- + 99 L+ XTR + Mec o L _?Es_ <o
Component _ : 2 T ™ Lo L ST

Periodically Tested _

Component With Qs = g =+ M+ e e Mg L L
Negligible Failure T T i T Wil R
Rate O P

Continuously

Monitored do = 2 TR S 0= TR




equations in Section 2.1.5. This second term is related to the time a
component is unavailab]e when it is failed.

Table 1 also includes a risk aging sensitivity for components with
negligible failure rates. This type of component unavailability is
dominated by constant contributions, for example, human error, and
represents an essentially time- 1ndependent unava11ab111ty. In this case
the risk aging sensitivity factor is zero.

The risk aging sensitivity measure is used to rank components based on
their potential for risk change. The measure makes. no‘assumptions about
the rate of component aging; the ranking results are valid only when all
the components age at the same rate. Differences in’aging rates between
different component types is beyond the scope of this:study‘and must be
addressed in future. research to describe the time-dependent behavior of
component fai]ure rates.

Section 3 presents the results obtained by applying the aging sensitiv-
jty measure to the components at selected plants.
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3. APPLICATION OF THE RISK AGING SENSITIVITY =
MEASURE AT SELECTED PLANTS

~ In this section we present the.results of risk aging sensitivity measure

calculations for plants analyzed as part 2f the Reactor Safety Study .
Methodology Application Program (RSSMAP) (4,5,6) .  These“'studies TR
represent limited-scope PRAs _in.that .they. do: not.Jnc1ude external. events
iand do not specifically include analysis of piping and wiring. The

" “plants included in'this"analysis are:two PWR'S,'(Oconee -and Calvert

Cliffs) and one’BWR (Grand Gulf).- Also  included: in:this section are
bounding calculations-for three'other" components. ‘a reactor vessel,
steam generator tubes, and snubbers. - S RN

30 Component Boundarles and Failure Modes ,'1"

The term "component" ‘can be 1nterpreted dlfferently -In one sense, '~
“components" can be considered individual pieces of hardware, e.g., 2

-valve cas1ng, a. va1ve ‘stem, wiring, etc.. The ™component" ‘can also be" N S

considered ‘as ‘a-functional unit such as “a‘motor operated valve that
consists of a number of component parts.: Components 7as "defined in most
PRAs and in this report represent-functional-units. ' “A-motor operated
valve for instance is interpreted as consisting of ‘the valve, the motor
operator, the circuit breaker, and the electrical cable and control

circuitry specifically associated'with the valve. A’brief description .
‘gf %hezcomponent boundar1es for each type of component is included in
ab e

;?Frequent1y, components are subject to-a number of d1fferent failure
- modes. For instance, motor operated valves could fail to function by

several:modes :including: failure to open, failure toiclose, and gross

leakage. Table 2 also includes the most important failure modes for ,
‘each component “type: These failure modes ‘represent component functional *’

failures and do not indicate the root cause of the failure or the
failure mechanism.* -From an aging- perspectlve, the time dependent -
processes that lead to a functional® fai]ure are of the most concern. o

PN

3.2 Results for Components at RSSMAP P]ants

PR i .'"" . : L S

The rlsk ag1ng sens1t1v1ty measure is ca1cu1ated for: 1nd1v1dua1
components at each plant. The individual components are grouped by
component type and also listed in order for each plant. X

321



Table 2.

Component boundaries.

Component‘

LY~ L

ondiry

Failure Modes of Concern

Pumps
(Electric).

Pumps
(Turbine
Driven)

Motor Operated
Valves :

Control. Va]ves
(Air Operated)

Check Vaive
Relief;.Valve
Circuit
Breaker/ .
Contactor (RPS)

Relay (RPS)

Trip Module/

“Includes pump, motor, and the.

control circuitry and electric

. power components specific?lgy

associated with the pump

Includes pump, turbine, and.
control circuitry specifically

:associated with the. pump.4

flvlncludes valve, motor operator

and the.control circuitry, and
electric. power components

'spec1f1ca1z¥ associated wtih
_-the valve )

-,,Inc1udes the . valve, the .air 4
..actuator, and the control cir-

cuitry specifically associated
with the valve.

Includes the check valve only

Includes the relief valve only

"’ The circuit breakers that

provide power to the control
rod drive mechanisms.

The relays that actuate the

¢ trip breakers on signal from

trip modu]e.:,l

Includes ‘the sensors, cab]es,
bistables, and relays that
measure plant parameters such
as reactor coolant pressure
and send a trip signal to trip
breakers.

e failure to start on demand
e failure to run
® gross leakage

o failure to start on.demand

e failure to run
e gross .leakage x

" e_failure to open on demand

e failure to remain open

o Failure to go to the:
"fail safe" pos1t1on on
signal

e failure to provide contro]
capability

o.fai]ure ‘to open
i stuck opén

o failure to open
“fai]ure to open

o failure to send trip
signal when plant para-
meters require




Table 2. (Continued)

Component_~.

‘Boundary . - -

Failure-Modes. of Concern-

Actuation‘~.

Channel/

Subchannel. - B

Battery

Diesel. . .-

Generator

Room Coolers

‘llncludes'thé_éensbfs, cabTes, .
.bistables,i and. relays: that )

measure:plant parameters and

send outian Engineered Safety :

Feature actuation signal.

Includes the battery and the
battery charger.

N

Includes the-diesel and its .

support sytems (lube oil .
cooling, fuel supply, etc.).

_ Includes the fan and cooling .
: coils that.provide. room coo]- DR
- ing to pump rooms. - * et

"e failure to send.ESAS -

.signal when required i

e failure to provide DC .
power to components
‘requiring DC power (given
loss of AC power) "

;o,fa11ure to prov1de AC

" .power to components
requiring AC power (given
loss of off-site power)

o failure to-cool pump room

L

(1) The electrical components specifically associated with-the pump. or motor
operated valve would include the connector, cable, and circuit breaker that
power the motor, but does not include the e]ectr1c power d1str1but1on
system that feeds the circuit breaker. .

-t



3.2.1 Oconee .--.: e

| Table 3. shows_the results _for _the Oconee PRA components. This table:

‘ lists the individual components in order of importance as ranked by

E their risk:agingisensitivity measure. As can be seen' in Table 3 most of
g _the_components with. the highest_ importance values_are :in_the reactor .

| SR protection system, the low pressure service water system, and the Tow

i PE}FK pressure-injection:system. A numbér of the important"components are -

i ﬁ>r$f*5wa3 electrical: components: .including actuation channels, trip modules,

, O}PXZ circuit breakers, and contactors.. The individual components are also

grouped by type and system, and ranked by their aging sensitivity
‘measure in Appendix A.

S
Mgro -

H 3.2:2 Calvert Cl1ffs - T,

AT ' )

‘ F,,( ~Table- 4 shows the results for the Calvert Cl1ffs PRA At this plant,

| the components‘with: the highest aging sensitivity measures.are

| components of “the auxiliary feedwater system and the reactor protection
system.” Again;, the’ components have ‘been grouped by type and system, and:
these results are presented in Append1x A.

- ®a

3 2.3 Grand Gulf- e

:Table.5 showstheresults for the: Grand Gulf.PRA." The components with -
the highest aging sensitivity measures-are:components of’the service
‘water system and.the residual heat removal:system:: The components are
_..grouped by type and system in Appendix A.

3 3 Combined Results

n.-. -

This section comb1nes the results of": the: aging sens1t1v1ty measure - -
calculations for individual components:to.providesan-overall ranking.
Two levels of ranking are provided.

= In the first ranking, components of the same type that are in the same
system are grouped together, i.e., motor operated valves of the
auxiliary feedwater system comprise one group. The aging sensitivity
measure for the group is the sum of the aging sensitivity measures of
the components in the group. The combined results provide an indication
of which component groups have the greatest potential risk impact. This
ranking of the component groups takes into account the importance of the
individual components and the number of that type of component in each
system.

The second ranking combines components of the same type but does not
differentiate between systems. The aging sensitivity measure provided
for the component type is the sum of the aging sensitivity measures of
all the components of that type. The ranking is then a measure of the
importance of a component type that takes into account the importance of
individual components and the number of components of that type.
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LPIS R STALNYY LPA3 ACTUATLION CHANNEL
‘STAMIRY LPSH Py,

(STANDRY. LPSW VACHIFA PlIvP

HPS CINCOTT (HREARER *a®

‘HPS CIRCUIT . HREARFTR “A®
OPLRATING - LPSY PliMp

OPERATING LOSW VACUtI PLINP

*SAFETY RELIFF .vALVE

RPS . CIRCUIT AREAKFRS "C".

RPS CINCUTY, nntnurqs.'n- )

HPS RENNTE. TRHIP MADMLF 1) .
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7,0000€E=05(.70)
7,0000E-0%( 71)
7.0000E~05( 72)
7,000UE=05("73)

7.0000E=05(,75)
T.00Q0E=05("16)

7.,0000E=05( 77)

3.6000E=05("78)

3.6000E-05( 79)
1,8000E=94( 4A)
2.0000E=0h( 82)
P.0000E=-0n(. 8%)
2.0000E=06( 84)
2,0000E-06(; 85)
2,0000E=un{ 86)
2,0000E=0A( 89)
2.0000€=06( 90)
B.,90V0E~05( o3)
8,9000E-0S( 60)
B,90U9F=9S( 959)
2.3000E=04( 35)
24.3N00E=-Q8( 33)
2,3000E-08( 2A)
2.3000€=04(; 26)’
3.0000€-03( 3)

2,0000F=06( 8A)
2,U000E=0h( A7)
2.M0U0E=0A( A1)

2.0000F=06( 80)
T.0000€=-05( 14)
1.U000E=yS( 69)
1.4000E=pa( A7)

BADADDBANPDALDADLDDLSDLDOLBLULLDANNDALD AL NS

»

4,3379€-02
4,.3379€-02
4,3379E-02
4,3379€-02 "
4,3379€-02
4,3379€=02"
4,3379€-02
4,3379€=02
4,3379€-02
4,3379€-02
4,3379E-02
4,1379€-02
4,3379E-02
4,3379€=-02"
4,3379€-02"
4,3379€-02
&§,3379€-02"
2,2831€-03
4,3379F=02
4,3379F=02"
4,3379€=-02
4,31379F<02
4,3379€-02
4,3379€=-02
8,3379€=02
0.0000E¢00
0,0000€E+00
0.0000E+00
0,0000E¢00
0,0000E+00"
0,0000F¢00"
0,000VEC00
0.0000F¢00
0,0000E¢00
0.0000F+00
0,0000€¢00
0,0000F00
a,0000€e00’
0.,0000EeD0
0,0000E+00

"

3.8607€-06
3.8607E«06
3,8607€=06
3,8607E~06
1.,A607E=06
3,7306€=00"
3,7306E=06
3,0345E-06
3,036S5E=06"
3,0305E~06
3.,0365€-06
3.0365E+06"
3,0365€=06
3. 0365E-°b
3,0365€=06
1.5616E=06
1,5616E<06"
3,1963€<07 -
A, 6758F=008"
4,6758E-08
A.A1S8E=08
B,67S8E=-08
8,6758E~08
8,6758E-08
8.6758E-08
0,0000E00
0,0000€¢00°
0,0000€¢00"
0,0000E¢00
0,0000€E+00
0.0000€E+00
0,0000E¢00 -
0,0000£000
0,0000€E000
0,0000E¢00
0,0000E+00
n,0000F+00
0,0000€400,
0.0000E+00
0,0000E400

I




. Tab]e 4. Plant name: Colvert Chffs --Reactor type: PWR
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RANK  CORPONENT NALTI) S WISK TMPACT ..  CNHMPUNENT TYPF RATF OF CHANGE RISK IMPACT
NANF . u}srquTIUn NF CUMPONENT . STPFRTIONICALLY NF COMPONFNY 0F COMPONENT
o ‘ UNAVAILAHTILITY TFSTED UNAVATLABILITY AGING.
o (RANK) | . | O=CONTINUOUSLY WITH FATULNRE )
o o . MONTTORED RATE P
1 1epy CAF1S TUPHINF PUMP 1 6000E=02( .3 .8 4,3379€-02 . 6,9306F =04
?, 22 ., AFaS TURHINF Pump 1.6000E=02( ,.Q) s 8,3379€-02 . 6,9806E=08
3 ‘cvasiy | AFMS CONTROL VAL VF Jl 6NUNE=0D (., S) s .-a 3379€-02  he9a0pE=0a
a’ cvasy2 “AFWS RONTRIN, VALVF ' 1eh000E=02(" .8 - 8,3379E=02 - #,9406€-04
,ﬂ:‘.MﬂVlU7| , AFNQ HOTOR DPFHATR D VALVF 1.6000E=02( 7) s ) 4,3379E-02 . 6.,9806F=00
6 mavapto  AFnS nutno nPEthFn VALVE . " 1.6000E«02( . 8) s U 8,3319€<02 +6,9806E-08
7.P3 . AFWS CHFCX VaLVF 1.600NE=02( 12) s , 8,3379F<02 i -6,FR06E=04
A" 38§ ) ‘AFAS CHFCK VALVF . 1,6N00E«02( 13) b L A,%379€<02 L, 6,9806F =048
9 .PS "AFnS CHECX VALVE . 1.6000E=02("17) s -8,3379F=02 T 6,98086F=08
10. 87" ‘AFWS CHFCX VALVF L, 1.,6000E=02(- 18) s . 8,3379E=02 6,9006E-04
11 KS AFWS CHFCK ‘VaLve =~ 1,6000€=u2( '20) 8 . 8,X379€=02 . 6,9aN8E=04
12 . Hh . AFHS CHFCK VALVF . 1.6000€=02( 22) .8 . A,3379€-02 6,9006E=04
1% st . AFaS CHECK VALVF - 1.6000E=02( 2Y) s . 8,3379F«02 $.9406F=04
14 88 'AFWS CHECK. VALVE' 1.6000E=02( 24) s . 8,3379F=02 6,9806E-04
157 %1 . HPS HFLAY . . 1,2000E-02( 25) -8 4,3374FaN2 5,2055E=04
16 T x? WPS NELAY ' .  1.,2000E=02( 2h) s 8,3379F-02 5.2055€-04
17 .3 L HPS RELAY. . . . .. 1,2000E-02( 27) )  A,3379E-02 . 5,2055E=04
IR kg, © KPS RFLAY., . ...~ 1.2000E=02(. 2R) .9 .+ 4,3379€=02 : 5,2055E=04
T19 18 T HPS crwru!t MREAKER ~ . 9,0000E=0%( 29) A} ' 8,3379E=02 . 3.9081E=08
‘20 . zn - MO8 CIRCUTT YEAXFR 9,0000E=03( .30) -8 . 8,%379E=02 . 3.,9041E-04
.21 3N, . KPS CIRCUTIT BIFAKFR . 9.UN00E=-03( .31) .8 - 8,3379€=02 - 3,9081E-04
S22 &N . RPS CINCUTT RREARFR ) 9.0000L=03(, 32) B ~ 8,3379E=02 3.9041E-08
.23 “ln;; . NPS CIRCUTI. HREAXFR . 9.0000E-03(, 33) B 4,3379€=02 .-3,9041F-04
, 28 2R T HPS CIRFUTT BREAKER S 9,0000E=0%(, 38) .8 . 4,3379E<02 1 3.,9081F =08
25 3n LLs) CTIHCHIT HREAXKER 9,0000€=03(, 55) .8 - 8,1379€-02 . 3.,90a1E=08
26 an " HPS CINCUTT. BREARFN 1 9,0000E-03(. '36) .8 4,3379€E-02 ~ 3.9041E«08
27 MNVES9 . HPIS #21 & #23% HOTOR ‘DPFRATEY VALVE 8,a000E=0%( 38) '3 + 8,3379E~02 . 1,90A7F=04
2R T UNVALO THPIS #21 &% 423 NNTOR OPFHATED VALVE 8,4000E=-03( 39) s 4,3379F=02 1.,9087E<08
29 nyast EPS DTESEL GENERATOR w12 2.2000E=03( 40) .8 s 8,3379€=02 . 9,543aE=05
- 30 ° sIn7, .STAS SIMCHANNFL RY, I 1.9000E=0%(.'a1) S . 6,3379€-02 . A,2320E=08
31 8522 > SALT. 822 pymMp T 1.5000E=-03( a2) 8 5 8,3379E=02 h,50ARE=0S
32 h2ist tPS DIESEL. GENERATOR #21 c 1,5000E=03(- a3) < 4,3379€=02 t 5,5068F =05
V3% mar2y. T'EPS NATTRRY, #2) 1.9000E=0%( aa) .8 . 4,3379F=02 . A.SO068E=05
L 38 Ccvs1S2 ; SALY, ¥22 CoMTanl, VALVF . 1,5000E=03( a5) .8 4 8,3379F=02 : 6,5008F=0%
38 . CVS1HY SALY,.#22 CONIRNL VAILVF 3 1.,5000€=03( 46) - | . #,3379F=02 6,506RE=05
- 3 CVH212 k,SALtAvea,rnNtnnl VALVF - - 1,5N00E=03( Aa7) .8 a,3379F<02 ' h,S068F~0S
37,5422 %S N22 pPHMP, | . 1.5000c-03( aRn) L} 'y 8,3379E=02 h,SUBBE=0S
3N - C05le - SALY, %22 CUNTHOL. VALVE . h 6NVOE~0&( 49) S . 8,3379E=02 . 2,8630E-05
.39 [ CYSP0R SAU 822 CONTONL VALVE . 6.,6000E=0a( 50) .8 « 8,3379E=N2 "2.8630F=05
" an A;Mﬂvdlﬂ! SHPIS 21, & LPTS #21 % HPWS ¥21 WITOR NPFRATFD VALY A, 6000E«0a(. 51) < , A,3379E-02 '2.,8630F=05
LAY CAY ... ... HPIS H21 R OLPIS NP1 & HPRS N21 CHFCX VALVF .. ... $B.6000E~08( 52).... .-. § c. 8,%379E-02 .. . D, A630F=0S
@2 W HPTS WAL X HPIS #21 (MKl VALVE A hNOUE=DAL S59) ... ., 8 . a,t379F =N 2.A630F=05
a3 Chd HP IR F21 & HERS 421 CHEFC VALVE . N hNONE=DAL 60) -, .8 -, 1 8,3379F=02 2. A630F=0S
an Wt HPIK N2Y P HPRY w21 PP ) L h RODDE=DA( 61) .,.. S ‘A XIVE=N2 . . 2,8630€~0S
a5  5TA? O TAR (SIMEHANHFL A2 honNUNE=A( 62) ..., 8 . . A,%379f=N2 ", 2.86%0F=05:
ah . unyagag MOLS 2T 4 L PIS A2 A HPHS 822 enTOR OPFNATEN VALY 4,7000E=08( 6%) 18 Ly . A,3879Fan2 ¢ 1 2 _DIRBE-0S:
L ALY ,_”W>-,_u9|§_l?3 R IPIS #2727 a4 nPuS 22 CHFCY VALVF.. ... . .n. 8, 7TO0OF=y8(. H8). . ... ... 8 .. .. nﬂ.‘379F-0? e P NIBAF=0S!
AR sin3 NTAR §ACHANMIFL ®)D A, 0000k =08( AA) s 8, 37YF0? 1,99532E<0%
QY Chi CHPIS 92 x Pl mDP CnECK VALV . . q,5000F=0a( I0n) ] a,3379F=n? 1.,9521F=08
90 €% HPJS #2835 HPOS 8D2 CHICA VALVe A L a,50uNE=na( AY) L3 4,%379F =0 1,9521F=05
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Table 4., contd
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NAHK ~ COMPUNEHI  L0nPyNe ]

NAMF DESERIPTION

91 " wpay HPLS 42 R HPUY ¥22 PIIMP
LY T SALY #2101 QUM CONLER

s% g2t . LECP #21 CHECK VALVF

Se’ nnvajaa
55 MOVaLas

LCCP w21 MOTNR NPFRATFD VaLVE
EFCH #22 MOTOR NPFRATED VALVE

56 . C20 ECLR 422 CHECK VALVE

ST | R22. SALT ¥22 RONM CONLER

SA cre2 Crw STANHY PUWP

99 €115 COCn CHECH VALVE

o0 STAQ S1AS SUHCHANRFL Al

61 MIVALH HPIS #21 MOTOR OPFWATFD VALVE
62 CVSihD SALY. 421 CUNTRUOL VALVF

6% CYY2Vs SALT %21 CONTRQ)L VALVE

68 (ViIA2s3 Chn CONTHAL VALVE

65 < HOVASA HPIS #28 MNTOR NPENATFD VALVE
ob  S(uil STAS SURACHANNFEL B1

67  S21. SALY #21 PuMp ’

oA  WASAJ RAS SHUALHANNEL Al

69 CVeS? LPIS CUNTROL VALVE

70  MOVASA LPIS CONTRUL VALVF

71 Cv3ne LP1S CUNTRAOL VALVE

72 RASA1 RA3 JIICHANNEL AL

7% CvS210 SALT 421 CUNTRNOL VALVE

14 CVS150 SALT #21 CUNTROL VALVF

79 Swt 3w 821 PumpP

76 ccel CCy OPERATING PlinP

77 SiA3 STAS SURCHANNEL A3

7A  SInd JTAS, SUACHANNEL HY

19 Cul LPIS 427 & LPRS 822 CHECK VALVE
a0 Cchl LPIS 227 & LPR3 w22 CHELK VALVE
8l " LP2? LPIS 422 & LPN3 22 PUMP

u? ualle EPS HATTERY. #12

AY THATR? EPS HATTFRY m2¢2

Ad ' C1H LPIS #2721 R LPYN 821 UMEFA VALVE
85 CSb LPIS ¥21 & LPAS 871 CHECA vVALVE
“hh LPS) LPIS 821 R LPRY 421 PHHP

81 HI0A . CCu MANMAL VALVF

AR »lu7 Crm “ANIAL VALVF

89 Mk Crw dANHAL VALVF

90 wluY Chn 4ANMAL VALVF

CTOENCIRE | CCa tANHAL VALVF

94> e AF NS PAMHIAL VALVE

v nt AF WS MANUAL VALV

Qa4 SN A€ =S SAMUAL VALVFE

s  Ph AF 98 MAHAY, VALVE

LN AF WS MANIAL VALVS

9?  s& AF ¢S Ma'IAL VALVL

LI ) AF S SanIsg VAL VY

99 P AF RS dAMIAL VALVE

ton  Cc4 AbnS MAMPAL VALVE

WISK IMPACT./

" COMPONENT [YPF NATF OF CHANGE RISK INPACT

OF COMPONENT STPFNTUNICALLY OF COMPONENT 0OF COMPONENT
UNAVATLAHILITY TFSTED UNAVAILABRILITY AGING.
(RANK) . .. OSCONTINUOUSLY wiTH FAILUNRE

. . . MONTTORFU RATE
8,5000E=04( 71) b §,%379E=-02 1.9521E=0%
4,8000E=04( 72) S 4,3379€=-02 1., 90A7E-05"
4,4000€=-04( 73) - S 4,%379€=-02 1.9087E-0%
4,4000E<08( T78) S . 4,3379€=02 1,90A7F=03
3.3000E-00( 77) S 4,33798=02 1,4315F=0S.
3,3000E=04( 1A). L 4,3379€-02. 1,8315E=0%
3.,3000E=08( 79) 8 4,3379€=02 - 1,8315€-09.
3.1000E=08( 80) . S 4,3379€=02. 1.3447E=05
3.1000e=-04(. 83) . 3 8,3379E=-02 . 1,3447£-05
2.8000E£~08( 84). S 4,3379€E=-02.. 1,2186E=05
2. TO0UE=0R( 85) s 4,3379€-02 . 1.1712E=09,
2,5000E£=-ua( 86) S 4,3379E-02 - 1.0845E=05
2,5000E-ua( 87), s 4,3379E=02 1,08a5E-0%5
2,5000E~ya( 88) ] 4,33719€=02 1,0845€=09%
2.1000E=-0a( 91) s 4,3379E-02. 9,1096E-06
2.,1000E=-08( 92) 3 4,3379¢=-02 . Q,.1096E=06
1,8000E-04( 9%) s 4,3379€-02 | 7.80A26=006
1,5000E=0a( 98) ~ s 4,3379F=02 6,.5068€=06 .
1.,1000E=04( 95) S 4,3379€-02 4,7TV7E=006
1. 1000E=0A(. 96) 3 4,3379€=02 . A4,7717€E-006
1.,10006=04( 97) S 4,3379E=02 4,7717€<06 -,
1.UNQUE=08( 98) s 4,3379E-02 4,3379€<06 -
T, 0000E=05( 99) 3 A,X379E=02. . 3,0305E=06
7.0000E-05(100) ) 4,33719€-02 3,0365€E=06
T.0000E=05(101) L 8,3379€=02 3,0365E=006
4,1000E=04( 79) 0 ?,2831€=03 9,3607E-07
2.8000E=UA(102) s 4,3379F=02 1,0811F=07
2.,80UNE=0A(10Y) s 4,3379€-02 1,0811E=07
2,2000E=06(107) ] 4,3379E-02 9,5434E=-08
2,2000E-0h(108) L) 4, 3379F«02 9,5434F=08
2.,2000E-06(109). S 4,3379€E=-02. 9,.5434E-08
2.2000E=-0A(110) s 4,3379€=02 9,5434€=-08
P.2N00E~0H(111) s A,3379E=02 . 9.58ak=08
2. UOUNE=VA(11S), E) 4,3379F=02 .. A.,ATSAE=-08
2,00UNE=-0K(116) K 4,3379€-02 R, 675AF=08
2.0000E=UA(11T7) R 8,3379E~02 B,67S8E~08_ .
hoh0ONE=-0a( 56) L} 0,000uEe00 0,0000F«00.
hohOUNE=0&( SS) s 0,0000E+00 0,0000E+00.
6.6000E=u8( S8) s 0.,00N0E«00 . 0,0000E400.
6.hOQ0NE=-08( 53) s 0,0000E¢0Y 0,0000F 00
$5.3000F=0%( 37) s 0,POOVFe0D 0,0000F+00
1., 0000E=02( 23) s 0,0UN0Fe0Q 0,0000E+00
1.60006=02( 19) L 0,0V00F 00 0,0V00Fe0N
1.b00NE=02( 14) s 0, 000UF¢NQ 0,0000F¢00
1.0000k=02( 15) b 0,0000Ee00 0,0000F«00
1ebRYNE=02( 18) L3 0,0U00Fe0U 0,0000F+00"
1.6000L=02( 11) L] 0,0000F 0y 0,0000E¢00
1.6000E=02( 19) s N, A000E900 0,000uF¢00
16000 =p2( 9) s D 0000600 0,0000Fe00
Y.8000€=01( 2) [ 0,0000F+00 0n,0000F+00
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NA4F

FOUTAA
FOuULIHY
ChVlAA
CODIHA
FOUSAA
FNOSHA
SAC
SAGC”
FOURA
FO0%9
FOL&AA
FROAAA
FNl4aun
FOhann
BATA
LRaCt
HCACT
FOUSAA
FORTAA
Foulnn
Faaren
covzan
FNO&AR
FO3in
COUZAA

“FO2AAA

"FO2ABA

c FOURAA
CFOARAA

FOARSA
FO31A

ccouy

"FOL3A

FO4SA
FOLAA
FN10A

"FOLAA
T FORIN
T Ty
IRV
CcouR

HACT
Foan
Fonh
RS
L]

T HACT
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FOu2

couvic
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/ Tab]e 5 Plant name: Grand Gu]f - Reactor type: BHWR-
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cnuPu~rNr
. - qutalPYlﬂu

Ry T
58S
H8us
s
KR L)
REL ]
Sns
3Sws
AR L)

RATL

HHR
NMN
HHR
HHR
EPS

A
1)
A
L]
A
]
A
R
A
R

A
A
L]
L]
AA

& HhR A & SPMG A MNINK QPERATEN VAL VE
R PHR R A SPV¥S A 4ANT0OK UPERATED VAVLF
olinp

Plivp

MTIR NPFRATFD VALVE

HMUTUR NPFNATFD VALVE

ACTUATTIUN AND CONTROL CIRCHLT
ACTUATION AND LONTROL rIOCU]T .

CHECX VALVE

CHFCX VALVF
MOTON PERATEN VALVE

MOTNR UPEWATEN VALVE
uMNTNR OPERATER VALVF
WATNR UPERATED VALVF

TTEENY A

LPCS & LPCIS A & RAR A INTITATING LOGIC CIRCUTY

LPCI
HHR
HHR
HHR
RHNR
LPCI
LeCt
LPCt
Lect
HHK
WHK
Lect
KHK
WilW
Lhct
LTA %

T Ty

HCIC

WELE

Kric

_HEILS
Cueirs

L1

s
A
A
A
]
L)
S
S
3
s
v
3
A
L)
S
4
3
s
)
LY

3

RCICS
NCIfs
"7 [

neir
L{mly
REr

3
3
5

C & LPCUS B '8 KHR W INJTIATING LOGIC CIRCULT
MOTOAR OPERATEDN - VALVFE

HOTOR UPERATED VALVE

MOTOR OPERATEN VALVFE

MOTOR OUPERATEN VALVE

4 & NHH B PlIMP

B A RHR A HOTOR OPERATED VALVF
B A KHR M CHECKX VALVE

A K AHR A PlLIMP

MATONR DPERATED VALVE ' ¢

MNTOR UPENRATED VALVF

A & NHH A MNIOR UPERATED VALVF
HOINR: DPERATEN VALVYF

MNTNAN UPERATED VALVE

A & dHH A CHECK VALVF

Pilmp !

MATNKR UPFRATED VALYF

MOTOR UPERATEDN VALVF

MOTAR OPEQATEN VALVF

ANTAKR NPEPATED VAL VF

HNINK OPERATCR VAl VF

M TON UPFPATEN VALVF'
IRIP THANT Lt VALVE
THRAINE GAVENNING' VALVE
LOCLYCT S

ACTUATING CTHRCULITT

CHECK VALVE

CHECKX VALVE

ALK VALVE

REICS CHECK VALVE

HWICS ACTUATING CHRCINY

HPLS MUTHP OPFWATFY vuch

HPLS CHFEK VALYF' : N -
HeRS PN

Ve e w WL v eaih o s gmem el e 0 a2

RISK IMPACT

COMPUNENT TYPE

RATE OF - CHANGE

RISK IMPACT

OF COMPORENT  STPFRIGAICALLY OF CUMPONENT OF CUMPONENT
UNAVATLABILITY TFSTED UNAVATLABILITY AGING
(RANK)Y - OCONTINUAUSLY wWITH FATLURE
MONTTORFD RATF

7.3000E=04( 1) S 4,3379€-02 3.1667E-05
7.3000E-04( 2) L) 4,3379€=-02 3.1667E~-0S
6,7000E=08( %) L 4,3379F=02 2.9064F=0%
6.7000E=yA( &) 8 4,3379€-02 2.9068E=05
6, THONE=NA( S) s A,33719E-02 2.,9064E-05
0,7000e=-08( 7) L) 4,3379€=02 2.9064E=05
6,7000E=04( N) L] 4,3379€=02 2.9064F=0%5
6,70y0E-DA( 10) s 4,3379£-02 2,9064E=05
0,70Q0E-048( 11) s §,3379€=-02 2.9064E«05
6,7000E=04( 12) 3 8,3379€=-02 2.9064E-0S5
S,4000€E~08( 13) S 4,3379€=02 2.5160E-0S
S,8000E=08( 14) s 4,3379€=02 2.5160E=09%
S.8000F=04( 15) L] 4,3379€=02 ‘2¢5160E=05
5.8000£=-04( 16) 8 0,3379€-02 2.5160€E=-05
4,5000E-04( 21) S 4,3379€-02 1.9521€-05
3,3000E=04( 22) L] 4,3379E~02 1,8315€=05
3.0000€E=04( 2%) S 4,3379€=02 1,3014E=05
2.800NE=04( 28) L] 4,3379E-02 1,2186E=05
2., 8000E~04( 25) 3 4,3379€-02 1.2146F=05
2.8000E=04( 26) ] a,3379€=-02 1.214bE=05
2.8000E=-08( 27) s 4,3379€-02 1,2146E=05
2.8000E-04( 28) s 4,3379€=02 - 1.2146F=05
C.NNUOE=-08( 29) ] A4,3379€=02 1.218b6E«095
2.8000€-04( 31) S a8,3379€=02 1.2146E-05
2.6000E=08( 32) s 4,3379F=02 1.1279E£-09%
2.6000E=08(' 3%) ) 8§,3379€=02 1.,1279€=098
2.60008-0!(;3!) s 4,3379€«02 1,1279€«05
2,6000E=04( 3%) S 4,3379E-02 1,1279€-0S
2,6000E=04( 36) b} 4,3313E=-02 1.1279€-0%
2.6000E=04( 37) s " 8,3379F=02 1.1279F=03
2,6000E=08( 46) S 8,3379E=02 1,1279F=0S
1,0000E=08( 4A) L} 4,3379€-02 8,3379F =06
1300005-01( 49) i 4,3379€-02 8,3379F-06
1,0000E-04( 50) L} §,33749€=~02  4,3379F =08
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In the last part of -this section, the results of the two PWR's ‘are
combined to give an overall-ranking for PWR components:

- 3.3.1 Oconee .. . .

. Table 6 shows the combined results of components of the same type and
~ .system at Oconee. The component groups are ranked from highest to
Towest. .. The table shows that the component groups with the highest,
potential risk impact are .service water pumps, :low pressure -emergency
‘core cooling system motor operated valves and check valves, reactor.
'protect1on system circuit breakers, and engineered safety feature '
actuation system actuators. S

Table 7 shows the ranking for component types without d1fferent1at1ng
between systems. The types of components with the most potential risk
impact are pumps, check valves, actuation channels/trip modules, motor
-operated valves, and c1rcu1t breakers/contactors.

\.‘. . LT

3. 3 2 Calvert Cl1ffs s

‘Table 8.shows the combined results.for component groups at the Calvert
TCliffs. The component groups with the highest potential risk sig-
nificance are all in the auxiliary feedwater system (check valves, motor
!operated “valves, and pumps) ‘and‘the reactor protection system (c1rcu1t
ibreakers and trip relays). . -

Table 9.shows the results of aging sensitivity measure calculations for
jcomponent types. Check valves have the highest potential risk.
fs1gn1f1cance followed by circuit breakers, relays/actuation subchanne]s, .
motor operated valves, -air operated contro] valves, and pumps.

3 3 3 Grand Gu]f

Tab]e 10 shows the comb1ned resu]ts for component groups at the Grand

ulf. Motor operated valves of thé low pressure emergency core cooling
”System and service water system and actuators of the engineered safety
&actuat1on system have the highest potent1a] r1sk rmpacts as measured by
- the aging sensitivity measure.-

‘Table 11 shows the rank1ng of the component types. Motor operated

Kvalves, check valves, actuators, and pumps have the highest values of
ithe aging sensitivity measure.

:3-13
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Table 6. Aging sensitivity of component groups at Oconee.

-~

Aging Sensitivity

‘Emergency Power

Rank -Type Systeml (per reactor year)
1 Pump'f Service Water 1.1 x 10‘4
2 Check Valve Low Pressure ECC - 9.8 x 10-5
3 . Circuit Breaker Reactor Protection 7.8 x 10-5
4 . Motor Operated Valve Low Pressure ECC 7.1 x 10-5
5 Actuators Safeguard Actuat1on 6.3 x 10-5
6 Trip Modules Reactor Protection 5.2 x 10-5
7 Check Valves Auxiliary Feedwater 3.3 x 10-5
8 Contactor Reactor Protection 2.6 x 1075
9.  Pump o Low Pressure ECC 2.0 x 10-5

10 * Motor Operated Valve High Pressure-ECC- . . 2.0 x 10-5

11 Relief Valve Reactor Pressure Control 1.5 x 10-5

12 .- Control Va]ve (air operated) Auxiliary Feedwater - 1.2 x 10-5

13 Batteries = Emergency Power. 8.0 x 10-6

14 - Check Valves High Pressure ECC 8.0 x_10-6

15 Pump Auxiliary Feedwater 6.1 x 10-6

16 Motor Operated Va]ve Auxiliary Feedwater 6.0 x 10-6

17 Pump ' High Pressure ECC- 6.0 x 10-6

18 Turbogenerator. ' -4.0 x 10-6

3-14
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- Table 7. Aging sensitivity of component types -at Oconee.

Rank -

Component -Type

PR

Aging Sensitivity,

% Contribution

“Pumps

7= SN - T R U U

Check Valves :~ i+ - [ =iitsud
Actuat1on Channe]s/Tr1p Modules
Motor Operated Valves " "

VL4
1.2’:‘x~

1.2 x

1.0 x°

10=4: o

10-4

10-4 -

23

19
19
ST 16

- 3-15

‘Circuit Breaker/Contactor S 1.0°%10-4"". .. L " gg B
Re11ef Valve SR 1.5 x 10<5:- - g
Control-Valve (a1r operated) ' 1.1 x 10-5 2
Battery e 6.7 x 106 1
Turbogenerator 7 & 3.1% 1046 : ]



Table 8. Aging sensitivity of component groups at Calvert Cliffs.

Aging Sensitivity

Rank Type - System : (per reactor year)
1 Check Valve Auxiliary Feedwater 5.5 x 10-3 -
72 Circuit Breaker" - Reactar Protection 3.1 x 10-3:+:7
'3 Trip Relay : Reactor Protection 2.1 x 10-3-
4 Control Valves (air operated) Auxiliary Feedwater 1.4 x 10-3
5 Motor Operated Valves Auxiliary Feedwater 1.4 x 10-3-
6 Pumps Auxiliary Feedwater 1.4 x.iO'3
7 Motor Operated Valves High Pressure ECC 4.5 x'10-4
8 .. Motor Operated Valves: Service Water - 2.9 x 104
9 Diesel Generators N Emergency Power . 1.6 x 10-%
10 Actuators : Safeguard Actuation 1.6 x 10741
11 Pumps , ‘ Service Water - 1.5x 104
12 Motor Operated Valves Low Pressure ECC . 9.5 x 10-5
13 Check Valves High Pressure ECC -~ 9.4 x 10-5
14 Check Valves Low Pressure ECC 8.1 x 10-5
15 Batteries Emergency Power 6.5 x 10-5
16 Pumps High Pressure ECC 4.7 x 10-5
17 Room Coolers Service Water 3.3 x 10-2
18 Check Valves Service Water 1.3 x 105
19 Pumps Low Pressure 1.8 x 10~7
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Table 9. -Aging sensitivity of component types at Calvert Cliffs.

Rank -~ Component Type .- Aging Sensitivity % Contribution
1 Check Valve 5.7 x 10-3 34
2 Circuit Breaker 3.1'x10-3- - 19
3 Relay/Subchannel 2.1 x10°3. . .. 13
4 Motor Operated Valve 1.9 x 10-3 S § ]
5 Control Valve (air operated) 1.7 x 10-3 © 10
6 Pump/Turbine Pump 1.6x 103 -~ . . - 9
7 Battery L 2.6 x 10-4 L 2
8 Diesel Generator 1.6 x 10-4 A |
9 Room Cooler 3.3x10°> .. 1

Table 10. Aging sensitivity of component groups at Grand Gulf.

.Rank Type System Aging Sensitivity
1 Motor Operated Valves Low Pressure ECC 2.3 x 10-4
2 Motor Operated Valves Service Water 1.3 x 10-4
3 Actuators Safeguards Actuation 9.9 x 10-5
4 Pump , Service Water 5.9 x 103
5 Check Valves Service Water 5.9 x 10-5
6 Motor Operated Valves High Pressure ECC 5.4 x 10-5
7 Check Valves High Pressure ECC 5.4 x 10-5
8 Check Valves Low Pressure ECC 2.8 x 10-3
9 Batteries Emergency Power 2.4 x 10-°

10 Pump - Low Pressure ECC 2.4 x 10-°

11 Pump/Tubine Pump High Pressure ECC 1.3 x 10-9

12 Diesel Generator Emergency Power 9.5 x 10-6

13 Relief Valves Reactor Coolant Pressure 2.6 x 10-6

Control
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Table 11. Aging sensitivity of component types at Grand Gulf.

Rank::: Type Aging Sensitivity % Contribution

1 .. Motor Operated Valves 4.1 x 10-4 52
2 - Check Valves - 1.4 x 10-4 18
3 Actuators . - 9.9 x 10-5 13
4 Pump/Turbine Pump - ° 9.6 x 10-5 - 12
5 Batteries o 2.4 x 10-5 3
6 Diesel Generators 9.5 x 10-6

7 Relief Valves- 2.6 x 10-6

3-18



3.3.4 Combined PNR'

This section comb1nes the ‘results of the ana]ys1s of the two PWR's to&/”pbju
i.determine an_overall.PWR .ranking. . The Grand Gulf_results are_assumed
typ1ca1 of a BNR since 1nformat10n was only available for Jone “plant. Kk
..Table 12.presents the.aging sens1t1v1ty .rankings _for. component groups. at, -
PWR's. These results are obtained by adding the results of the
component groups at the two PWR's. . Check valves of the auxiliary. .
feedwater system and breakers/contactors and trip relays/trip modules of
the reactor protect1on system have the highest:potential risk 1mpact as -
measured by the aging.sensitivity measure. Gt ‘. :

I
;.9 el

o

[ e

Tab]e 13 presents the combined results for component types of the two
plants. Check valves, circuit breakers/contactors,ltr1p modules/. .
actuat1on channels, motor operated valves, pumps, and air operated
control valves have'the highest va1ues of the aging sens1t1v1ty measure.

3 4 Add1t1ona] Components

8 B . o
¥ T .1;',:

In-this.section we estimate. the. aglng sens1t1v1ty measure for three
additional component: types: ~the-reactor vessel,.steam generator tubes,

and snubbers using existing PRA'sand related studies: ~The calculations ©:
in this section are bounding calculations intended to compare the ,
jmportance of these components to other components at the plant.’ ‘Table -
14 presents the results: of these calculations. The following" paragraphs :
discuss the assumptions and. 1mp11cat10ns of the analyses.

TN

3.4. 1 Reactor Vessel

The reactor vessel has the h1ghest potent1a1 1mpact on r1sk of any
component in the p]ant. PRA's generally make the conservative assump-
tion that a failed reactor vessel results in an uncoolable conf1gurat1on
that leads to core meltdown. . The aging impact as measured by the. ag1ng
sensitivity measure’ 1s hlgh compared to the.other components ‘in’ the
plant. S

3.4.2 'Steam Gerierator Tube e

A'rupture‘in a steam generator, as-an initiating event, results in.a
small LOCA and consequently loss of heat removal capability of one steam
generator. In this—situation, core cooling requirements-generally are - -
the operation of the auxiliary feedwater system and at least one high
pressure injection pump. Table 15 gives an estimate of the tube aging
" impact based on the cooling requirement for four plants. Consistent
with the aging sensitivity measure definition, these estimates are based
on simply adding the conditional failure probabilities of the auxiliary
feedwater system and the high pressure injection system. The average
value from these four plants is included in Table 14. The potential

<3-19



Table 12:- Aging sensitivity of component groups in PWR's.

Rank Type System Aging Sensitivity
1 | Check Valves -~ Auxiliary Feedwater 5.5 x 10-3
2 }-Cifcuft Breaker/Contractor Reactor Protection 3.2 x 10-3
3 Trip Relay/Trip Module Reactor Protection 2.2 x 10-3
4 Control Valves (air.operated) Auxiliary Feedwater 1.4 x 10-3
5 Motor Operated Valves Auxiliary Feedwater 1.4 x 10-3
6 . Pumps - . Auxiliary Feedwater 1.4 x 10-3
7 Motor Operated Valve High Pressure ECC 4.7 x 10-4
8 Motor Operated Valve Service Water 2.9 x 10-4
9 Pumps S Service Water 2.6 x 10-4

10 .. Actuation Channels . Safequards Actuation 2.1 x 10-4

11 Check Valve Low Pressure ECC 1.8 x 10-4

12 .-Motor Operated Valve Low Pressure ECC 1.7 x 10-4

13 Turbo Generator/Diesel Emergency Power 1.6 x 10-4

Generator

14 Check V;]ve High Pressure ECC 1.0 x 10-4

15 _Batteries Emergency Power 7.3 x 10‘5

16 - .' Pumps High Pressure ECC 5.3 x 10-5

17 Room Coolers Service Water 3.3 x 1073

18 Pumps B Low Pressure ECC 2.0 x 10-5

19 Relief Valves Reactor Coolant Pressure 1.5 x 10-5

Boundary
20 Check Valves Service Water 1.3 x 10-5
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Table 13. Aging sensitivity of component types in PWR'S.

om0

Rank S Type

e Aging Sensitivity
1 Check Valves 5.8 x 10-3
2 Circuit Breaker/Contactor = | 3.2 x 10-3
3 Trip Module, Relay/Actuation Channel - 2.4 x 10-3
4 Motor Operated Valves o . 2.3 x 10-3
5 Pumps . 1.7 x 10-3
6 _ Control Valves (air .operated) ‘ ) 1.4 x 10-3
7 Turbo Generator/Diesel Generator 1.6 x 10-4
8 Batteries : 7.3 x 10-5
9 Room Coolers 3.3 x 10-5
10 * Relief Valves ~ ~ =+ . i . 0 1,5 x 105
G Dot Tonre Tobto o r A
G, Oy o wotr Fawe. Lol o com
Y M/"/‘% ow1 ;éév&’cb LN //)
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Table 14.

_selected components.

Aging sensitivity measures for

Component

~ Aging Sensitivity

Aﬁéactor Vessel

Steam Generator Tube

Snubber

1

3 x10-3

1.8 x 10-5

Table 15. Aging sensitivity measure calculations for
steam generator tubes.

Plant Name Cooling Requirements Aging Sensitivity

ANO 1/2 EFWS 6.5 x 10-4 +
1/3 HPIS 4.0 x 10-% =

1.1 x 10-3
Oconee 1/2 AFWS 2.4 x 10-% +
1/3 HPIS 1.4 x 10-3 =

1.6 x 10-3
Calvert Cliffs 1/2 AFWS 3.0 x 103 +
1/3 HPIS 1.7 x 10-3 =

4.7 x 10-3
Sequoyah 1/3 AFWS 4.3 x 10-5 +
1/3 HPIS 3.5 x 10-3 =

_ 3.5 x 10-3
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risk impact of steam generator tubes as measured by the aging
- sensitivity measure- is h1gher than that of: the standby components
fanalyzed in Sect1on 3. 2

3.4.3 Snubber

In order to determine the ag1ng 1mpact of snubbers we reviewed the ;
results of the Seismic Safety Margins Research Program (7). The case of
snubber failure is spec1f1c in_that it has been done for the Z1on p]ant
based.on the 1nformat1on given 1n Reference (7) t o
The r15k aSSOC1ated with snubber failures is character1zed by an
increased likelihood of a LOCA induced by an earthquake. The earthquake,
also degrades the safety system that cools the core in the event of a:
LOCA. In this situation, it is assumed that snubber failure will result
in a large or medium LOCA for any earthquake with a magnitude larger
than design’basis. ~The dominant core melt -sequences for an earthquake
induced LOCA contain failure of the Safety Injection System (SIS) to

cool the core. A risk 1mpact of the snubber failure is est1mated by the
following computation:. - o

6 ;
3R . v R (17)
=1
) ‘aj = The earthquake frequency ‘ .
LOCA; = The LOCA probab111ty ngen an earthquake is in the
range of aj 2
“’1151§1‘=

The probability of SIS: fa11ure g1ven an. earthquake is
' . 1n the range of a1. R = ; ’ . -
The summat1on 1s over the s1x acc1dent sequences 1dent1f1ed in-
Reference (7) S S PR ;. .

... - .‘: ,‘;

i Te e 4

Cons1stent w1th the def1n1t1on of r1sk 1mpact the snubber is” assumed Co
failed. ®Since the purpose of the:snubber is:to prevent piping failure, -
this 1mp11es LOCA1 = 1 in Equation:(17). - Now,:using the values of aji’

and SISj given in Reference (7) the risk 1mpact of the snubber fa11ure
is calcu]ated from Equat1on (17) e I PO '

'-;r T "m - ;-4 .~_»--‘-'«,=“ -
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i

i \75f-’a

Earthquakea,:":-:a, “"~; : ‘ ‘Cond%tionaI:SIS

Frequency, aj LOCA; Failure Probability

2.52 x 10-4 X 1 x 4.7 x 10-2 +

4.55 x 10-5 .x 1. X 1.2 x 10-1 +

6.57. x 1077 x 1 x 2.6 x 10-1 +

1.61 x 10-7 x 1. x  .5.0 x 10°1. +

5.31 x 10-8 X 1 X 7.5 x 10-1 +

4.10 x 10- X 1 X 9.9 x 10-1 1 8 x 10-5

Hence

:%% = 1.8 x-10-5 bérﬁreactok'year

If snubbers are tested every year as recommended, then

The_aging sensitivity measure for snubbers as calculated in this manner
is moderately high when compared to the other results in Section 3.2.
This calculation is an approximation and subject to high uncertainty. ..
Further, the information used is for only one plant that is not located
in a high seismic activity zone. The potential risk significance of
snubbers will be very 51te dependent in general.

ﬂo 3.5 L1m1tat1ons and Assumpt1ons

he: analysis performed- for.this: report.is limited by. the- available
information as well as time and budgeting constraints. Further, the
inherent uncertainties in PRA's are limiting factors in identifying the
most important- components.; The-results presented, in- this section are
also subject to the uncertainties inherent in PRA's including component
failure data uncertainties, modeling uncertainties, and uncertainties in
human actions: andiresponse., - The particular PRA's utilized to determine -
the: component: results did not. include-treatment.of all aspects of risk~
such as" selsm1c analyses, f1res, tornados, etc.
The most 1mportant 11m1tat1ons of this study are the 11m1ted number of_
plants analyzed and limiting the scope of components studied to those
analyzed in the PRA's. The analysis is limited.to the effects of

-complete failure (loss of function), the effects of degradation are not

specifically addressed. ° Also common-cause failures attributed to aging
are not specifically addressed.
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This report considers only some of the components that are potentially
important to risk.. We did not consider components whose primary purpose
‘is to mitigate the consequences of severe accidents such as containment’
spray nozzles, piping and pumps. The. importance to risk of components
that mitigate accident consequences is not easy to determine in light of
the large uncertainties associated with the phenomenology and fission
product behavior of severe accidents. We did not consider structural
components such as the containment and containment lining. Piping and-
wiring are not explicitly considered in these analyses and components
such as the reactor vessel, steam generator tubes and snubbers are
treated only superficially for example purposes.

1

~
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4. CONCLUSIONS -AND: RECOMMENDATIONS :5- TIPS TP
In this section we draw conclus1ons from the resu]ts of the ag1ng sensi-
tivity ca]cu]at1ons and make severa1 recomnendat1ons for ut111zat1on of
the resu tsov . i S Y e

4.1 - Conc]us1ons S 9._«f,“;,«" L

The 1nformat1on presented in a standard PRA does not 1nc1ude t1me ,,,,,, _
dependent effects: .In determining:the risk level at a,plant, *PRA{ &
l*’“genera]ly use a.time: averaged unavailability. HAging,issueSfdeal;with At
: the time dependent nature of-risk..:This.limits. the nature of the:s+V . .
imnformatlon that can be extracted from a PRA without extens1ve]y
‘ odifying-the:PRA: This-report suggests a- -method - for -determining the-
potential risk- s1gn1f1cance of .aging effects that is based on deter-,
mining the sensitivity. of-risk to increases in.failure rate. This.
adaptation of-PRA-results enables-us; to. identify~the -components . that -~
.~have the<most; s1gn1f1cant impact-on risk «if-their. fa1]ure rates 1ncrease
due to aging or’ serv1ce wear: effects w1thout descri :

PR M S

used in context. IR AR SRR TS ST n'

‘The results of the analysis indicate the most risk significant com-
ponents at a plant depend on a number of factors' including plant system
design, testing, and maintenance intervals and operating procedures. .
The key components with regard to risk can be different at each plant = °"
owing to differences in system des1gn or test1ng, ma1ntenance and
operating practices.

Based on the component resu]ts in’ Section 3 many of ' the”potentially most
risk significant components are-in the auxiliary feedwater system, the
reactor_protection_system and the,service, water. systems. Pumps, check
valves), ‘motor: operated valves, ctrcuit breakers, and’ actuat1ng c1rcu1ts
are the: component types that have the most” potent1a1'rlsk impact” based °
on the aging sens1t1v1ty measure. “'These, results must' be coupled with’:
time- dependent fa11ure rate characterist1cs to comp]ete the r1sk 1mpact
due to component aging. TSR o

v: prieel ey el e A A ftCﬁwi
Components not ana]yzed )n PRA's” or, components assumed to have neg-’ ¢ °
ligible failure rates can be’ jmportant™to risk’if ‘their failure®rates-
increase substant1a11y. Research programs are already in place for some
of these components ‘such’ as the reactor vessel reactor coo1ant p1p1ng,
and steam generator tubes. - - AT T

c . RS
T B T S Y [N

4.2" Recoimendations fo“‘Ja SR
4.2.1 Use of Results

The risk aging sensitivity defined in this report is a measure of the L
sens1t1v1ty of rlsk to changes in component fa11ure rates. 'Those o

- [N I
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T
5

| ’?suscept1b1e to aging processes. :The sign1ficance of "a-aging: mechan1smA
;§j;:;:€§}° can be.obtained- by comb1ning the: risk: ag1ng sensitivity. as:presented

components with the highest ag1ng sensitivity cause the greatest impacts
on risk if thEIP fa11ure rates 1ncrease substant1a11y

These’ results are” 1ntended to provide guidance: to the selection’of
-components for further study and as a guide toward prioritizing
resources. Three levels of results are provided. We recommend using
the results of the third level (component type rankings) as a ranking of
the most important component types. To focus research further we
recommend concentrating efforts -on a particular component type (such as
motor operated:valves) or the type of ‘operating environment typical of
the systems that have the highest potential impact for that component
type (the: aux111ary feedwater system for example) ‘ '

Vj%Jﬁf“yoihese results-make no»assumptlons about wh1ch components are most

hére with estimates:of the’increase: in:the: time-dependent :failure: rate:
Estimates of -time dependent failure rates can be obtained from experi-
mental programs,-analytical models or operating history.. Ideally, if an
equation for time dependent failure rate were obtainable (from an
analytical model or a data correlation) the time dependent risk
associated with a component can be approximated by:

O Ri(e) =6 - Ag(t) | (18)
where ,
Ri(t)’= The time dépendent risk and
Ai(t) =

the time dependent failure rate.

ty

The risk, increase’ assoc1ated w1th the ag1ng process cou1d be quant1fied

. by integrating. Equation, (18) over . "the time period of interest. 'In’

. .practlce a. good estimate of;time dependent failure: rate will’ be :
‘difficult: to. obtain:.: - For’. prlorltlzat1on with respect to aging itlis

~ Msufficient to focus resources oh those components that. have; potent1a11y'

high- impact on risk (as measured by the aging sen51t1v1ty measure) and
also have failure rates.that are most affected by aging and service wear
effects (as determlned by data, analytical or exper1menta1 studies).

Q;V/ we recommend 11m1ted data or analyt1cal stud1es for, each c]ass of

ls, W component to’ determine if any aging or service wear effects are evident
from the available data bases. A more extensive analysis can evaluate
‘those components that have a relatively high potential risk significance
P hja and exhibit some evidence of age related degradation.

4.2.2 Interfaces

-

s ., The ag1ng program in. genera] and the risk s1gn1ficance task in par-
ticular can benefit from the products of other NRC and industry programs

4-2
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including the Accident Sequence Evaluation Program (ASEP) and the data
gathering programs” (LER's, NPRDs, and others). The ASEP program is™

designed to.provide analysis of the dominant accident.sequences for most
LWR's in the United States. As a part of this program the cutsets for %
the dominant sequences will be identified and risk® importance measures }
will be calculated for a large number of components. When the results

are made available it will be possible to apply the methods outlined in :
this report to.a broad range of plants. .This will provide a good basis |

for assigning priorities to component classes based on ‘the risk esti-
mates at a large number of plants rather than the three analyzed here.
The approaches used in ASEP will allow identification. of the most risk
significant components and systems based on plant design and other
operating characteristics. This information will assist in making
specific recommendations as to.what type of inspection and preventive

maintenance programs will be most effective in controlling risk at dif- |

ferent plants based on plant design.

4.3 Suggestions for Future Work

The risk aging sensitivity measure identifies the potential risk impact
of components in nuclear power plant PRAs. This provides direction for
evaluating aging effects; however, there are other important issues that
must be addressed to fully understand aging phenomena.

A necessary complement to the risk aging sensitivity measure is a
description of the time-dependent effects of aging on component failure
rates.. Initial estimates of these effects could possibly be estimated
from older plant operating history and component failure data. A
complete description will include:

(1) Identification of component types that are susceptible to
aging

(2) The environmental conditions and system applications that
influence component aging

(3) Time-dependent functions defining component failure rates.

This study recommends these factors be investigated first for the
components that have high potential risk impact as determined by the
risk aging sensitivity measurg Sensitivity calculations employing
Weibull type aging functions( J based on current knowledge of relative
material aging rates could further focus this research effort.

Investigation of components that do not appear in PRA dominant cutsets
is also necessary. The basic effect of aging phenomena is changes in
component failure characteristics. Components now believed non-dominant
.in PRAs can become major contributors to risk when they are susceptible
to significant aging. Identification of sensitive component types and
important environmental conditions will provide direction for
identifying these components.

4-3,
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Other afeas Qhehe;agihg effects can influence risk include:

(1) Commion cause’ fallures among components that have similar aging
S suscept1b1l1ty :

'_,(2)"Ab111ty of component test1ng to detect ag1ng effects

(3) Ability of repa1r efforts to compensate for age- re]ated
deterioration

;(4) lAging effects and external events such as earthquakes and
, floods. o . _

A well-defined’ effort to 1nvestigate these concerns. will provide a
better understanding of the effects of aging phenomena.
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APPENDIX A

AGING SENSITIVITY OF OCONEE COMPONENTS GROUPED BY TYPE AND SYSTEM




Table A-1. Aging sensitivity of .Oconee components
grouped by type and system.

( Component Aging Sengﬁfiv{fy

Component. . . ..° o :
Type System _Designator  (Per Reactor Year) -
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Table A-1. Continued

.Componént ' Component Aging Sensitivity

Type: o System Designator (Per Reactor Year)
Manual LPIS & HPIS LP-28 0
LPIS & ECCR LP-11 0
LP-15 0
LP-13 0
LP-16 0
Test A 0
Test B 0
HPIS HP-101 0
HP-~118 0
HP-148 0
HP-~114 0
HP-111 0
AFWS C-575 0
C-576 0
MS-90 0
MS-91 0
FDW-88 0
C-157 0
Check LPIS & ECCR :~  CF-12 1.0 x 10-5
: CF-14 1.0 x 10-5
LP-31 1.0 x 10-2
LP-12 1.0 x 10-5
LP-48 1.0 x 103
LP-33 1.0 x 10~
LP-14 1.0 x 10-5
LP-47 1.0 x 10-
LP-30 9.0 x 10-6
LP-29 9.0 x 10-6
AFWS FDW-232 6.0 x 10-6
: FDW-317 6.0 x 10-6
FDW-233 6.0 x 10-6




“Table'A-1. “Continted

L

" Component ;. - L " Component Aging Sensitivity
Type System - Designator (Per Reactor Year)
Check (Continued) AFWS . FDW-319" 6.0 x 10-6
‘ (Continued) FDW-373 3.0 x 10-6
o FDW-370 . 3.0 x 10-6
; FDW-383  ° 3.0 x'10-6 .
FDS-380 3.0 x 10-6
HPIS HP-113 4.0 x 10-6
HP-102 4.0 x 10-6
Air Operated AFWS FOW-315 6.0 x 10-0
FDW-316 6.0 x 10-6
MS-93 8.6 x 10-8
MS-87 8.6 x 10-8
MS-94 8.6 x 10-8
MS-95 8.6 x 10-8
Relief SRS Q 1.5 x 10-5
Contactor RPS RPS E 1.3 x 10-°
: , RPS F 1.3 x 10-5
Circuit Breaker RPS CB A 2.6 x 10-5
CB B 2.6 x 10-5
CB C 1.3 x 10-5
CB D 1.3 x 10-5
Remote Trip Module RPS RTM 1 1.3 x 10-5
RTM 2 1.3 x 10-5
RTM 3 1.3 x 10-5
RTM 4 1.3 x 10-°
Actuation ESFAS CH 4 4.3 x 10-9
CH 3 1.0 x 10-
CH 1 6.0 x 10-6
CH 2 4.0 x 10-6.
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Table A-1. Continued

- Component cL Component Aging Sensitivity
.. Type System Designator (Per Reactor Year)
Battery . = . . EPS DC BAT A 4.0 x 10-6
L | BAT B ‘ 4.0 x 10-6-
Turbogenerator EPS AC ~ TG 1 2.0 x 10-6
, | TG 2 2.0 x 10-6




Table A-2. Aging sensitivity ‘of Calvert Cliffs components
grouped by type and system.

Componentf' - Component’ Aging Sehsitivity

Type . e Syétem _.. Designator . (per reactor year)
Pump AFWS . TP21 6.88 x 10-4....
TP22 6.88 x 10-4 - -
SWS S22 6.5 x 10-9
ey SW22 6.5 x. 10-5
cc2l 9.4 x 10-7
cc22 1.3 x 10-5
s21 8.0 x 10-6
o SWl 3.0 x 10-6
HPIS & ECCR = HP21 2.8 x 10-5
~. HP23 1.9 x 10-5
LPIS & ECCR LP22 9.0 x 10-8
- LP21 9.0 x 10-8
Valve hr
Motor Operated AFWS _ MOV-4071 6.88 x 10-4
T MOV-4070 6.88 x 10-4
HPIS  ~.°  MOV-659 1.9 x 10-4
- MOV-660 1.9 x 10-4
MOV-656 1.16 x 10-5
o MOV-654 9.03 x 10-6
P
SWS LD CV-5152 6.45 x 10-5
N CV-5153 6.45 x 10-5
CV-5212 6.45 x 10-°
CV-5162 2.84 x 10-5
CV-5208 2.84 x 10-5
CV-5160 = 1.1 x 10-°
CV-5206 1.1 x 10-5
CV-3824 1.1 x 10-5
CV-5210 3.0 x 10-6
) CV-5150 3.0 x 10-6
HPIS & LPIS - MOV-4143 2.8 x 10-5
2.02 x 10-5

% ECCR ... MOV-4142




. Table A-2. Continued

Component o ) ~ Component Aging Sensitivity
Type- =~ - . System . Designator (per reactor year)

Valve ' ECCR MOV-4144 1.
Motor Operated i MOV-4145 1
(Continued) ~

LPIS CV-657
- MOV-658
CV-306

Manual - : AFWS o C3

SHWS M111l

HIPS & ECCR M30

LPIS & ECCR M34

=
—
o
~
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Table A-2.- Continued

- Component ... . e e Component Aging Sensitivity
. - Type - System = - Designator (per reactor-year)
Manual | . LPIS & ECCR M42 .0
(Contjnued) - (Continued) M43 0
Air Operated - - AFWS  :.  CV-4511 6.88 x 10-4
- : . CV-4512 6.88 x 10-4
Check - AFKS b3 6.88 x 10-4
. - : S5 6.88 x 10-4
P5 6.88 x 10-4
- oo ST o 6.88 x 1074
SRR ; - P 6.88 x 10-4 "
T TSHE 6.88 x 10-4
' 83 6.88 x 10-4
S sa 6.88 x 10-4
HPIS & LPIS' . €65 - 2.8 x 10-5
& ECCR:: i%::C66 - 2.0 x 10-5
HPIS & ECCR™ €37 2.8 x 10-5
S ot C64 2.8 x 10-5
R e C39 1.9 x 10-5
( L c61 1.9 x 10-5
ECCR - -, c21 1.9 x 10-5 .
e c20 il 1.4 x 10-5
SKS - C115 1.3 x 1075 .
) LPIS & ECCR'  C41 9.0 x 10-8
—— e e . - 63— - 9;0 ‘x"lo-a._. .
€35 9.0 x 10-8
€56 9.0 x 10-8
Trip Relay RPS K1 5.2 x 10-4
K2 5.2 x 10-4
K3 5.2 x 104
K4 5.2 x 10-4




Table A-2. Continued

Component = - Component Aging Sensitivity
" Type - i System -Designator (per reactor year)

Circuit Breaker RPS 1A 3.9 x 10-4 -
' 2A 3.9 x 10-4
3A 3.9 x 10-4
4A 3.9 x 104
18 3.9 x 10-4
28 3.9 x 10-4
3B 3.9 x 10-4
48 3.9 x 10-4
Actuators ‘ ESFAS (for SWS) SIB? 8.2 x 10-5
(for HPIS) SIA2 2.8 x.10-5
(for HPIS) SIB2 2.0 x 10-5
(for HPIS) SIAl 1.2 x 10-5
(for HPIS) SIB1 9.0 x 10-6
(for ECCR) RASAl 6.5 x 10-6
(for ECCR) RASBI 4.3 x 10-6
(for LPIS) SIA3 1.0 x 10~/
(for LPIS) SIB3 1.0 x 10-7
Battery EPS DC BAT21 6.5 x 10-2
BAT12 9,0 x 10-8
BAT22 9.0 x 10-8
Diesel EPS AC D12ST 9.0 x 10-3
‘- D21ST 6.5 x 10-°
Room Cooler SWS R21 1.9 x 10-5
) : R22 1.4 x 10-5




Table A-3. Aging sensitivity of Grand Gulf components
grouped by type and systenm.

"Component " R Component Aging Sensitivity
© Type- -~ - System ° - Designator (per reactor' year)
Pump .~ SSWS - CO01A-A 2.9 x 10-5 i
: ’ a " " C001B-B 2.9 x710-5 -
- 002-C 1.2 x 10-6
RHR & LPCIS C002B-B 1.2 x 10-5
. CO02A-A 1.1 x 10-5
RCICS - €001 4.3 x 10-6
HPCS C001-C 2.8 x 10-6
LPCIS - ¥ - €002C-B 6.9 x 10~/
LPCS C001-A 6.0 x 10-7
Valves “"-- R '
Motor' Operated SSWS -~ ¢ FOO1A-A 3.1 x 10-5
4 FOO1B-B 3.1 x 10-
FOOSA-A - 2.9 x 10-5
FOO5B-8 2.9 x 10-5
FO18A-A . 4.3 x 10-6
FO18B-B" - 4.0 x 10-6
é ‘ FO11-C 1.2 x 10-6
RHR - - - FO14A-A 2.5 x 10-2
wsf s FO68A-A 2.5 x 10-3
SR FO14B-8 2.5 x 10-3
; _ , FO688-B 2.5 x 10-5
R R FOO3A-A - 1.2 x 10-5
BRI B FO47A-A 1.2 x 10-5
o FO0O3B-B . 1.2 x 10-5
o F047B-B - 1.2 x 10-5
AR FO24A-A 1.1 x 10-2
LV F024B-B 1.1 x 105
! st FO48A-A 1.1 x 10-6
T F048B-B 1.1 x 10-6
SR FO87A-A 8.2 x 10-7
e .- ... . - FO52A-A . -. - -...8.2-x-10-7...
FO26A-A 8.2 x 10-7
FO87B-B 8.2 x 10-7




" Table A-3. Continued

Component Aging Sensitivity

Component _—
Type -System Designator (per reactor year)
Valves . RHR A F0528-B 8.2 x 10-7
Motor Operated (Continued) F026B-B 8.2 x 10-7
(Continued)
RHR & LPCIS F004B-B 1.2 x 10-5
FOO4A-A- 1.2 x 10-5
RCICS FO13-A 6.0 x 10-6
FO45-A . 6.0 x 10-6
F068-A 6.0 x 10-6
FO10-A 6.0 x 10-6
F064-A 6.0 x 10~
F063-B . 6.0 x 10-6
TV 6.0 x 10-6
TGV 6.0 x 10-6
HPCS FO04-C 2.8 x 10-6
FOO1-C 2.8 x 10-
SPMS F002A-A 1.9 x 10-6
F002B-B 1.9 x 10-
LPCIS F242-8 6.9 x 10-7
FO04C-B 6.9 x 10~/
F042B-B 6.9 x 10-7
F0278-8 6.9 x 10~/
FO42A-A 6.0 x 10-8
FO27A-A 6.0 x 10-8
LPCS FOO1-A 6.0 x 10-7
FO05-A 6.0 x 10-7
Manual ‘ SSWS - F199A 0
F199B 0
FO23A 0
F023B 0
F185A 0
F1858 0
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Table -A-3. Continued

Component e o " Component Aging Sensitivity.
. Type . - System -. .. Designator-: (per reactor-year)

Manual . - SSWS ~ . F186A
(Continued) . - (Continued) F1868
oo o - FO13

’ RHR i~ F130A
F120A

F1308

. -~ F1208

~zs F102A

F103A

F1028

F103B

F210A

F2108

-+ . FO83A

ii.. . FO83B

RHR & LPCIS  F0298
_..  F029A

RCICS C F200
. FO16 o

HPC -~ Fa205

S . LPCIS .. F239.
e . F029C
e > FO398

FO39A

tes T FOO7
Check * .. .  SSWS ... FOOBA . . 2.9
" FoogB. 2.9

FO12 1.2

' 1.2
1.1

RHR & LPCISY,; FO31B- .
R TR

o OO0 0O o [ N ) [ X en) OCOOQOOOOO0OO0O0OO0O0O OO

o4y

ey Tt
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Table A-3. Continued

Component: - ‘ ~ Component Aging Sensitjvity
Type System Designation (per reactoriyear)
Check (Continued) RCICS F040 6.0 x 10-6 :
F066 6.0 x 106 . "+

F065 6.0 x 10-6

F204 6.0 x 10-6

FOl1 6.0 x 10-6

HPCS FO05 2.8 x 10-6

' F024 2.8 x 10-6

F002 2.8 x 10-6

RHR FO54A 8.2 x 10~7

~ F0548 8.2 x 10~7

LPCIS ' F241 6.9 x 10-7

FO31C 6.9 x 10~7

F041B 6.9 x 10~/

FO41A 6.0 x 10-8

LPCS "~ FO03 6.0 x 10~/

FO06 6.0 x 107

Relief SRS P 2.6 x 10-6

Turbine RCICS €002 6.0 x 10-6

Actuators ESFAS (for SSWS) SAC 2.9 x 10-5

- SBC 2.9 x 10-5

sce 1.2 x 10-6

(for RHR & LPCS LRACT 1.4 x 10-9

& LPCIS)
(for RHR BCACT 1.3 x 10-°
& LPCIS)

(for RCICS)  RACT 6.0 x 10-6

(for HPCS) HACT 2.8 x 10-6

(for SPMS) ~  SAACC 1.9 x 10-6

S SBACC 1.9 x 10-6
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Table A-3. . Continued

Component Component Aging Sensitivity

\
Type System Designator (per reactor year)

Battery EPS DC BATA 1.9 x-10-5
BATB 4.0 x 10-6
BATC 1.2 x 10-6

Diesel EPS AC DIESEL1 4.3 x 10-6
DIESEL? 4.0 x 10- 6
DIESEL3 1.2 x 10-6
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